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We apply the teleparallelism condition to the Poincare´ gauge theory of gravity. The resultant
teleparallelized cosmology is completely equivalent to the Friedmann cosmology derived from Ein-
stein’s general theory of relativity. The torsion is shown to play the role of the cosmological constant
driving the cosmic acceleration. We then extend such theory to include the effect of spin and explore
the possibility of accounting for the current accelerating universe by a spinning dark energy.
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I. INTRODUCTION
Recent observational data from type Ia supernovae,
cosmic microwave background (CMB) anisotropies, and
large scale structure, concordantly prevail an accelerat-
ing flat universe containing a mixture of matter and a
preponderant smooth component with effective negative
pressure [1–4]. Though suffering from the so-called cos-
mological constant problem and the coincidence prob-
lem [5, 6], the model of cold dark matter with a cosmolog-
ical constant in the framework of general relativity (GR),
i.e. ΛCDMmodel, thus has become the standard scenario
in cosmology over the past decade. There exist, however,
other options to account for the much perplexing accel-
erated expansion of the universe, among which the gen-
eralized teleparallel gravity, or the f(T ) gravity [7–11],
has attracted lots of attention recently.
The f(T ) theory originates from the teleparallel equiv-
alent of general relativity (TEGR) [12–14] which is based
upon the notion of absolute parallelism (teleparallelism)
initiated by Einstein in an unsuccessful attempt of unify-
ing gravitation and electromagnetism [15]. As an alterna-
tive geometrical formulation of GR, the TEGR employs
a non-trivial dynamical tetrad field, ei
µ, determined by a
given metric to define a linear Weitzenbo¨ck connection,
Γµαβ = ei
µ∂βeα
i. This particular choice of Weitzenbo¨ck
connection makes the curvature tensor vanish. Thus, the
spacetime is flat and the gravitational degrees of free-
dom are completely specified by the Weiztenbo¨ck torsion,
T µαβ = Γ
µ
αβ − Γµβα. This equivalence between telepar-
allel gravity and GR implies that both torsion and cur-
vature are capable of offering effectively the same picture
but with different interpretations regarding the gravita-
tional field. For example, particle geodesics in GR are
now replaced by trajectories depicted by a force equation
similar to that of Lorentz force in electrodynamics [16].
Furthermore, it is argued that the principle of general
covariance ultimately prefers torsion to curvature [17].
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Generalizations of teleparallel gravity basically super-
sede the Lagragian density T of the TEGR with vari-
ous algebraic functions of the torsion scalar, f(T ). The
torsion tensor so defined contains only products of first
derivatives of the tetrads and consequently gives rise to
second order field equations. Evidently, for the sake of
computation, this feature is regarded as a significant ad-
vantage of the f(T ) theory when comparing to other
modified gravity theories, such as the f(R) theory [18].
However, these general teleparallel gravity theories are
certainly not free of pathologies: they do not respect
local Lorentz covariance [19, 20], i.e. a local Lorentz
transformation would inevitably spoil the absolute par-
allelism except in the simplest TEGR case. It has been
shown [21] that the local Lorentz invariance cannot even
be regained by adding a spin connection back to the ac-
tion. Moreover, since a proper tetrad field used to con-
struct a teleparallel structure cannot be uniquely speci-
fied by a given metric, the lack of local Lorentz symmetry
will cause difficulties in formulating a satisfactory cos-
mological model to account for the late time accelerated
expansion [22]. In light of the fact that the Weitzenboo¨ck
connection is simply a special choice of the affine struc-
ture to make the curvature tensor identically null, to
avoid those defects of the f(T ) gravity while retaining
the notion of absolute parallelism, we thus resort to the
more general gravitational theory: the Poincare´ gauge
theory (PGT) of gravity [23–25].
The PGT includes two independent local translational
and rotational potentials, the tetrad and affine connec-
tion, which respectively correspond to the torsion and
curvature in a Riemann-Cartan geometry. The gauge
structure and geometric properties of Riemann-Cartan
geometry allow the PGT to become an alternative grav-
ity theory to GR. In particular, when the torsion van-
ishes, the PGT reduces to GR and we recover a Riemann
geometry. In the other hand, the PGT would reduce to a
generalized teleparallel theory of gravity by imposing the
condition of absolute parallelism. These features provide
us a sound framework to inspect the dynamics induced
by the teleparallelism and compare the result with that
from the standard GR.
2Prior to the discovery of the accelerating universe, a
few PGT cosmological models have been worked out in
detailed by Goenner and Mu¨ller-Hoissen [26]. More re-
cently, attempts have been made to interpret the source
driving the accelerated expansion by the PGT [27–30].
In our study here, we explore the possibility for ex-
plaining the cosmic acceleration by the teleparallelized
PGT (TPGT). In such a theory, the form of torsion is
strongly constrained by the teleparallelism condition. We
will show that, by adopting the constrained form of tor-
sion, the resulted formulation governing a homogeneous
and isotropic universe is identical to that obtained from
GR. Therefore, one asserts that the TPGT is simply a
generalized TEGR in essence. As a consequence, the dy-
namical role played by the cosmological constant along
the cosmic evolution and its connection to the Poincare´
torsion will be unraveled.
Moreover, we investigate the possibility of a spinning
fluid as the source driving the cosmic acceleration by in-
cluding the spin effect in the TPGT. Unlike the Einstein-
Carton theory [31, 32] which is considered as a natural
extension of GR, the gravitational effect in TPGT is char-
acterized by torsion, not by curvature. Thus, the usual
formulation of the Weyssenhoff fluid [33, 34] does not re-
ally apply in our case. In particular, it has been shown
that the dust Weyssenhoff fluid model is unable to serve
as an alternative to dark energy [35]. However, if the spin
tensor of the cosmic fluid takes a specific form relating to
the Poincare´ torsion scalar and the spin density, we are
able to show that the formulation describing the Poincare´
cosmology is actually equivalent to that of the standard
Friedmann cosmology plus a spinning dark energy. Un-
der certain circumstances, the cosmological constant can
be regarded as a sort of spinning vacuum energy yet to
be scrutinized.
This paper is organized as follows: In Sec. II we sum-
marize the essential and necessary ingredients of the PGT
to set the framework for our investigation. Section III ex-
plores the form of the Poincare´ torsion by imposing the
teleparallelism constraint which requires that all compo-
nents of the curvature tensor vanish identically. We then
explore the Poincare´ cosmology in Sec. IV and reveal the
connections between the cosmological constant and the
torsion. Finally, we summarize our findings and discuss
the implications in Sec. V.
II. THE ESSENTIAL POINCARE´ GAUGE
FIELD THEORY OF GRAVITY
A. The torsion and the curvature
The Poincare´ gauge field theory of gravity employs
two independent local translation and rotation gauge po-
tentials, the orthonormal frame field (tetrad) ei
α and
the Lorentz connection Γiβ
α, to characterize both the
curvature and torsion in a Riemann-Cartan spacetime.
By means of the covariant derivative Di, the two field
strength tensors associated with the gravitational poten-
tials are the torsion
Fij
α ≡ 2D[iej]α = 2
(
∂[iej]
α + Γ[i|β
αe|j]
β
)
, (1)
and the curvature
Rijα
β ≡ 2D[iΓj]αβ = 2
(
∂[iΓj]α
β + Γ[i|γ
βΓ|j]α
γ
)
. (2)
Here the Latin indices i, j, ... denote the holonomic (coor-
dinate) base, and the Greek letters α, β, ... represent the
anholonomic (Lorentz) indices. The reciprocal frame eiµ
satisfies eiµei
ν = δµ
ν and eiµej
µ = δj
i. The metric tensor
is uniquely determined by
gij = ei
µej
νηµν , (3)
where the Minkowski metric ηµν = diag(−1,+1,+1,+1).
In terms of a set of space-time coordinates (i.e. a
holonomic frame), the affine connection of the Riemann-
Cartan geometry can be cast in the form
Γij
k = Γ¯ij
k +
1
2
(
Fij
k + F kij + F
k
ji
)
, (4)
where Fij
k is the torsion tensor in the holonomic frame,
and Γ¯ij
k is the Levi-Civita connection (the Christoffel
symbol)
Γ¯ij
k =
1
2
gkm(gmj,i + gmi,j − gij,m). (5)
Accordingly, the affine curvature tensors, Ricci curva-
ture, and scalar curvature can be obtained by
Rijk
l = ∂iΓjk
l − ∂jΓikl + ΓimlΓjkm − ΓjmlΓikm, (6)
Rij = Rkij
k, (7)
R = gijRij , (8)
respectively.
B. The field equations
The conventional PGT action assume the form as [23],
W =
∫
d4xe[Lm(ηαβ,..., ψ,Dαψ)
+ Lg(κ1, κ2, ..., ηαβ , Fαβ
γ , Rαβγ
δ)],
(9)
where e = det(ei
µ), and κ1, κ2, ... are some cou-
pling constants. Apparently, the action is dic-
tated by the geometric gauge field Lagrangian den-
sity eLg(ei
µ, ∂jei
µ,Γiµ
ν , ∂jΓiµ
ν) = eLg(ei
µ, Fij
µ, Rijµ
ν), as
well as by the minimally coupled source Lagragian den-
sity eLm(ei
µ,Γiµ
ν , ψ, ∂iψ) = eLm(ei
µ, ψ,Diψ), in which
ψ represents all the matter fields. Varying the action W
with respect to the geometric gauge field potentials ei
α
and Γi
αβ yields two gravitational field equations as
δeLg
δei α
= −δeLm
δei α
≡ eΣαi, (10)
δeLg
δΓiαβ
= −δeLm
δΓiαβ
≡ eSαβi, (11)
3where the source terms Σα
i and Sαβ
i represent the canon-
ical momentum current and the canonical spin current
governed by the corresponding energy-momentum and
angular momentum conservation laws, respectively. Car-
rying out variations on the left-hand side of Eqs. (10)
and (11), one obtains the so-called the first (or transla-
tional) and the second (or rotational) gravitational gauge
field equations as, respectively,
DjHα
ij − εαi = eΣαi, (12)
DjHαβ
ij − εαβi = eSαβi, (13)
where the translational field momenta are given by
Hα
ij =
∂eLg
∂∂jeiα
= 2
∂eLg
∂Fjiα
, (14)
the rotatal field momenta are described by
Hαβ
ij =
∂eLg
∂∂jΓiαβ
= 2
∂eLg
∂Rjiαβ
, (15)
the momentum current (energy-momentum density) is
defined as
εα
i = eα
ieLg − FαjγHγji −RαjγδHγδji, (16)
and the spin current (spin angular momentum density)
is characterized by
εαβ
i = H[βα]
i. (17)
The general Lagrangian density associated with the
scalar curvature, quadratic torsion and curvature devel-
oped by Baekler and Hehl [24] can be written as
LBH =
1
2κ
R+
1
4
Fαβ
γ(d1Fγ
αβ + d2Fγ
βα + d3δ
β
γFµ
αµ)
− 1
4ξ
Rαβγδ[R
αβγδ + f1R
αγβδ + f2R
γδαβ
+ f3η
αδRβγ + f4η
αδRγβ + f5η
αδηβγR],
(18)
where κ, ξ, fA, dA correspond to various dimensionless
coupling constants. Adopting this form as the gravi-
tational Lagrangian density Lg, the first equation (12)
becomes
1
κ
(Fα
i − 1
2
Feiα)
+
1
e
Dj(ed1F
ji
α + ed2Fα
[ij] + ed3e
[i
αF
j]γ
γ)
+ Fαj
γ(d1F
ij
γ + d2Fγ
[ji] + d3e
[j
γF
i]µ
µ)
− 1
4
eiαFµν
λ(d1F
µν
λ + d2Fλ
νµ + d3δ
ν
λF
µγ
γ)
+
1
ξ
Rαjt
γδ(Rjiγδ + f1R
[j
γ
i]
δ + f2Rγδ
ji
+ f3e
[j
[δR
i]
γ] + f4e
[j
[δRγ]
i] + f5Re
j
[δe
i
γ])
− 1
4ξ
eiαRµνγδ[R
νµγδ + f1R
νγµδ + f2R
γδνµ
+ f3η
νδRµγ + f4η
νδRγµ + f5η
νδηγµR] = Σα
i,
(19)
and the second equation (13) can be explicitly recast as
ξ
2κ
(Fαβ
i + 2ei[αFβ]k
k)
+
1
e
Dj(eR
ij
αβ + ef1R
[i
[α
j]
β] + ef2Rαβ
ij
+ ef3e
[i
[βR
j]
α] + ef4e
[i
[βRα]
j] + ef5Re
i
[βe
j
α])
+ ξ(d1F
i
[βα] −
1
2
d3e
i
[αFβ]
µ
µ +
3
4
d2F[αβ
i]
+
1
4
d2Fαβ
i) = ξSαβ
i.
(20)
However complicated they may be, we shall use these field
equations directly to probe the dynamics of the universe.
III. TELEPARALLEL POINCARE´ TORSION
We now apply the PGT formalism to the large scale
universe. Under spherical symmetry and spatial reflec-
tion invariance, there are only six non-null independent
components in the torsion tensor Fαβγ (antisymmetric
in the first couple of subscripts α, β) in spherical coordi-
nates [24]. The cosmological principle requires that these
quantities only depend upon time. Accordingly, we as-
sume these non-vanishing torsional components to take
the forms as
F010 = −F100 = −f(t),
F011 = −F101 = −h(t),
F122 = F133 = −F212 = −F313 = g(t),
F022 = F033 = −F202 = −F303 = −χ(t),
(21)
where f, h, g, χ are some torsion functions to be deter-
mined.
The large scale homogeneity and isotropy can be mod-
eled by the Friedmann-Robertson-Walker(FRW) metric
in spherical coordinates as
ds2 = −dt2 + a(t)2
[
dr2
1− kr2 + r
2(dθ2 + sin2 θdφ2)
]
,
(22)
where a(t) represents the cosmic scale factor, and the cur-
vature index k = 0,+1,−1 correspond to, respectively, a
flat, a closed, and an open universe. According to Eq.
(3), the FRW metric is uniquely determined by the fol-
lowing set of non-trivial tetrads:
et
0 = 1, er
1 =
a√
1− kr2 ,
eθ
2 = ar, eφ
3 = ar sin θ,
(23)
which associate with dual forms as, respectively,
et0 = 1, e
r
1 =
√
1− kr2
a
,
eθ2 =
1
ar
, eφ3 =
1
ar sin θ
.
(24)
4Once the set of tetrads is chosen, the local Lorentz sym-
metry [20, 21] is no longer an issue, and one has the
freedom to work out the teleparallel gravity theory in
either a holonomic frame (spacetime coordinates) or an
anholonomic frame (tetrads) since both frames should
deliver identical results. This is a merit worthy mention-
ing because one can perform consistency checks corre-
spondingly. Here, we present our investigation in terms
of spacetime coordinates.
The torsion Fij
k in a holonomic frame can be translated
from the torsion Fαβ
γ in an anholonomic frame through
the relation of Fij
k = ei
αej
βeγ
kFαβ
γ . Accordingly, the six
non-zero components of torsion assume the form as
Ftr
t = −Frtt = af√
1− kr2 , Ftr
r = −Frtr = −h,
Frφ
φ = −Fφrφ = ag√
1− kr2 , Ftφ
φ = −Fφtφ = −χ,
Frθ
θ = −Fθrθ = ag√
1− kr2 , Ftθ
θ = −Fθtθ = −χ.
(25)
In the other hand, all non-trivial components of affine
curvature tensors, Ricci curvatures, and the scalar cur-
vature can be obtained by means of Eqs. (6)-(8). Since
the torsion and the curvature are convoluted in accor-
dance with the affine connection [see Eqs. (1) and (2)],
one is able to determine the exact form of torsion tensor
by imposing the teleparallelism condition, i.e. insisting
the absolute parallel property when transporting a given
vector along a curve.
It is straightforward but quite tedious to work out all
the teleparallelism constraints. They consist of six inde-
pendent equations from the null curvature tensors,
h˙+
a˙
a
h+
a¨
a
= 0, (26)
gh+
a˙
a
g +
χ− h
ar
√
1− kr2 = 0, (27)
χ˙+
a˙
a
χ+ fg +
a¨
a
− f
ar
√
1− kr2 = 0, (28)
k
a2
+ hχ+
a˙
a
χ+
a˙
a
h+
a˙2
a2
+
g
ar
√
1− kr2 = 0, (29)
k
a2
+ χ2 + 2
a˙
a
χ− g2 + a˙
2
a2
+ 2
g
ar
√
1− kr2 = 0, (30)
fχ+ g˙ +
a˙
a
g +
a˙
a
f = 0, (31)
three equations from the vanished Ricci curvatures,
2χ˙+2
a˙
a
χ+ h˙+
a˙
a
h+2fg+3
a¨
a
− 2f
ar
√
1− kr2 = 0, (32)
2k
a2
+2hχ+2
a˙
a
χ+h˙+3
a˙
a
h+
a¨
a
+2
(
a˙
a
)2
+
2g
ar
√
1− kr2 = 0,
(33)
2k
a2
+ χ˙+ χ2 + hχ+ 4
a˙
a
χ+
a˙
a
h− g2 + fg + a¨
a
+ 2
(
a˙
a
)2
+
3g − f
ar
√
1− kr2 = 0,
(34)
and one equation obtained by the null scalar curvature,
6k
a2
+ 4χ˙+ 2χ2 + 4hχ+ 12χ
a˙
a
+ 2h˙+ 6h
a˙
a
− 2g2
+ 4fg + 6
a¨
a
+ 6
(
a˙
a
)2
+
8g − 4f
ar
√
1− kr2 = 0.
(35)
The only consistent result fulfilling these curvatureless
Eqs. (26)-(35) is that g = f = 0, and h = χ with two
constraints
χ2 + 2
a˙
a
+
a˙2
a2
+
k
a2
= 0, (36)
χ˙+
a˙
a
χ+
a¨
a
= 0. (37)
As a consequence, the torsion functions are
g = f = 0, h = χ =
√−k
a
− a˙
a
, (38)
and we obtain the non-null torsion components as [36]
Ftr
r = −Frtr = Ftθθ = −Fθtθ
= Ftφ
φ = −Fφtφ = a˙
a
−
√−k
a
.
(39)
Evidently, the form of the Poincare´ torsion is strongly
constrained by imposing the teleparallelism condition.
IV. TELEPARALLEL POINCARE´ COSMOLOGY
Imposing the teleparallism condition to PGT not only
strongly constrain the form of the Poincare´ torsion, but
also greatly simplifies the field equations (19) and (20)
to retain merely quadratic terms in torsion as a result of
revoking corresponding curvature terms. In this section,
we would like to explore the torsion effect on the cos-
mological dynamics and extend our scheme to including
a spinning fluid as a source driving the cosmic accelera-
tion. To match the current observations, it is sufficient
to consider only the case of a flat universe with k = 0.
A. TPGT as a generalized TEGR
It is natural to consider the intrinsic spin of elementary
particles as one of the physical sources for torsion. How-
ever, it is usually assumed that the averaged spin density
of matter is tiny and randomly oriented in macroscopic
regimes [28, 31]. The hypothesis amounts to neglect the
spin angular momentum tensor Sijk in the second field
equation. This is exactly the situation that the standard
GR concentrates on.
For a spatially flat universe, k = 0 and Eq. (39) gives
rise to the non-trivial components of the Poincare´ torsion
as
Ftr
r = −Frtr = Ftθθ = −Fθtθ = Ftφφ = −Fφtφ = a˙
a
. (40)
5Substituting Eq. (40) into the second field equation (20),
we obtain the nontrivial components of the spin angular
momentum tensor as
aa˙ζ = Strr = −Srtr, (41)
aa˙ζr2 = Stθθ = −Sθtθ, (42)
aa˙ζr2 sin2 θ = Stφφ = −Sφtφ, (43)
where
ζ =
1
2
d1 +
1
4
d2 +
3
4
d3 − 1
κ
. (44)
If one is to neglect the spin angular momentum, i.e. re-
quiring that Sijk = 0, then ζ = 0 as long as the universe
keeps developing. Thus, the dimensionless coupling con-
stants d1, d2 and d3 must satisfy the following constraint
1
2
d1 +
1
4
d2 +
3
4
d3 =
1
κ
. (45)
In the other hand, substituting Eq. (40) into Eq. (19),
the first field equation gives rise to
3
(
1
2
d1 +
1
4
d2 +
3
4
d3
)(
a˙
a
)2
= Σtt, (46)
−6
(
1
2
d1 +
1
4
d2 +
3
4
d3
)(
a¨
a
)
= Σ, (47)
where Σtt is the time-time component of the energy-
momentum tensor of the source, and Σ represents the
trace of it. Assuming a perfect fluid as the matter source
under consideration, then its energy-momentum tensor
would take the form of
Σij = (ρ+ p)uiuj + pgij , (48)
where ui is the four-velocity, ρ denotes the energy density,
p = wρ is the pressure, and w represents the equation of
state. As a consequence, we have Σtt = ρ and the trace
Σ = ρ + 3p = (1 + 3w)ρ. Along with the constraint Eq.
(45), Eqs. (46) and (47) become
H2 =
(
a˙
a
)2
=
κ
3
ρ, (49)
a¨
a
= −κ
6
(1 + 3w) ρ, (50)
where H ≡ a˙/a is the Hubble parameter characteriz-
ing the rate of the cosmic expansion. One immediately
finds that, when ignoring the spin angular momentum,
the TPGT recovers the Friedmann cosmology provided
that
κ = 8piG (51)
with G being the Newtonian gravitational constant. In
this sense, TPGT can be considered as a generalized ver-
sion of TEGR.
B. Torsion effects on the cosmic expansion
In general, a torsion scalar T can be defined as
T 2 ≡ Fαβγ(Fγαβ + Fγβα + δβγFµαµ). (52)
Subsequently, Eq. (40) indicates that, in a spatially flat
universe, the torsion scalar reads
T = 3 a˙
a
. (53)
If we take a time derivative of the torsion scalar, then
T˙ = 3
[
a¨
a
−
(
a˙
a
)2]
. (54)
Comparing Eqs. (49)-(50) with Eqs. (53)-(54), a simple
relation holds between the equation of state, the torsion
scalar, and its time derivative as
T˙ = −1
2
(1 + w)T 2. (55)
The current observation using the baryon acoustic oscil-
lations (BAO) and CMB data indicates that the equation
of state for the expanding universe is always negative but
close to −1 [37]. Accordingly, Eq. (55) with w = −1
shows that T˙ = 0, i.e. the torsion scalar T is truly a
constant no matter how the universe changes. As a con-
sequence, the universe exhibits a de Sitter expansion with
a scale factor evolving as
a(t) = a0 exp
(T
3
t
)
, (56)
where a0 is an integration constant. Hence, the torsion
scalar T is playing the role of the cosmological constant,
which is naturally encoded in the teleparallel Poincare´
cosmology.
C. Universe containing a spin fluid
Having shown that the framework of TPGT can be
consistently blended in GR, we now extend the theory to
include the spin angular momentum as the source of tor-
sion. With the help of a four-velocity ui, the macroscopic
spin tensor of a curvatureless universe can be character-
ized as
Sijk = uiSjlSk
l − ujSjlSkl, (57)
where Sij is the spin density tensor in a holonomic frame.
Because the intrinsic spin is space-like, the Frenkel con-
dition [34]
Sjku
k = 0 (58)
is automatically satisfied. The direct products of two
spin density tensors in Eq. (57) allows us to contract
6them after transforming the couple to an anholonomic
frame. We then obtain the square of spin density S2 as
S2 = SαβS
αβ . (59)
As a consequence, the macroscopic spin tensor becomes
Sijk = (uigjk − ujgik)S2. (60)
Employing this form in Eqs. (41)-(43), the nontrivial
components of the spin angular momentum tensor gen-
erated by the second equation are governed by
aa˙ζ = −S2a2, (61)
aa˙r2ζ = −S2a2r2, (62)
aa˙r2 sin θ2ζ = −S2a2r2 sin θ2, (63)
which unanimously lead to a constraint to the square of
spin density,
S2 = − a˙
a
ζ. (64)
Substituting Eq. (64) into Eqs. (46)-(47), the Friedmann
equation becomes
(
a˙
a
)2
=
κ
3
ρ+ κ
a˙
a
S2, (65)
and the acceleration equation is given by
a¨
a
= −κ
6
(1 + 3w)
(
ρ+ 3S2
a˙
a
)
. (66)
In order to unravel the role played by intrinsic spins from
convoluting with the gravitational effect, we assume that
the spin density tensor Sαβ can be characterized by the
torsion scalar T as
Sαβ =
1√
2T sαβ , (67)
where sαβ denotes the reduced spin density such that
s2 = 12sαβs
αβ . Accordingly, Eqs. (65) and (66) become
(
a˙
a
)2
=
κ
3
ρeff , (68)
a¨
a
= −κ
6
(1 + 3w)ρeff , (69)
with the effective energy density of the spin fluid de-
scribed by
ρeff = ρ+ s
2 ≡ ρ+ ρs. (70)
That is, we recover the standard Friedmann formulation
for a homogeneous and isotropic universe. We note that,
according to Eq. (70), the square of spin density has
positive contribution to the total energy density of the
universe, contrary to the Weyssenhoff spin fluid in the
framework of the Einstein-Carton theory [35]. In addi-
tion, a dust spin fluid model with w = 0 is incapable of
explaining the late-time cosmic acceleration.
Now let us assume Eqs. (68) and (69) be describing
the evolution of the expanding universe driven by the
energy content of the vacuum. Then, under the condi-
tion that the vacuum energy p = −ρ → 0 (w = −1),
the spin energy would serve as an alternative of dark en-
ergy responsible for cosmic acceleration. Therefore, the
cosmological constant Λ is no more than a uniform spin
energy density in the context of the spinning TPGT.
V. CONCLUSION
In this work we investigated the cosmological effects
of the TPGT. Adopting the specific torsion form con-
strained by the teleparallelism condition, the formula-
tion of the teleparallel Poincare´ cosmology is completely
equivalent to that of the Friedmann cosmology. As a con-
sequence, the naturally built-in torsion scalar T plays the
role of the cosmological constant Λ and the universe ex-
hibits a de Sitter expansion provided that the equation
of state w = −1.
When extending the teleparallel framework to include
a spinning fluid as the source of the Poincare´ torsion, the
standard Friedmann prescription to a homogeneous and
isotropic universe is recovered, as long as the macroscopic
spin tensor satisfies Eq. (60) with a spin density gov-
erned by Eq. (67). Contributing positively to the effec-
tive energy density of the universe, such a dust spinning
fluid with w = 0 acts just like a normal matter. Under
the circumstances that the vacuum energy with w = −1
vanishes, however, the vacuum spin may be considered as
the source driving the late-time cosmic acceleration. Peo-
ple attempt to solve the cosmological constant problem,
namely, why the dark energy that we observe is so much
smaller than any known energy scales or otherwise it is
zero as protected, if there is any, by a symmetry. The re-
sults here may open another window for us to understand
the cosmological constant problem. While the vacuum
energy is thought to be originated from zero-point energy
fluctuations, the spin energy may be associated with spin
fluctuations of the vacuum that should be very different
from zero-point energies. Understanding the microscopic
spin structure of the vacuum is a very interesting subject
and its effect on the cosmological scales as alluded here
should be further studied.
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